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Photoionization of H-

H- + g  H0 + e-

Concept of a generic laser profile 

station

Principle of Laser Profiles for H- Beams
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Laser Diagnostics Discussion

Photodetachment Cross Section

• 3.5 E–17 cm^2 at 1.17 eV 
• l = 1064 nm

• Inversely proportional to b
• Yield larger for low-energy beam

Possible measurements:
1. Transverse profiles
2. Longitudinal Profiles
3. Transverse Emittance (measure H0)

Laser Options:
• High-power free space  laser
• Low-power fiber laser
Measurement Options:
• Direct electron detection
• Reduced H- current

BNL
• High-power Nd:YAG
• 750 keV H-
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P2IT Goals

To demonstrate transverse (and longitudinal) profiling of 2.1 MeV P2IT 
MEBT H- beam using:

1. reduced beam current technique using either modulated low-power 
fiber laser (primary) – part of LDRD

2. electron collection of modulated low-power fiber laser (secondary)

3. High-power free-space laser (tertiary) – transverse profiles only

History:

– Transverse profiling with high-power free-space 

laser and electron collection

• operational at SNS

– Longitudinal profiling using lower-power fiber 

delivery system and electron collection

• demonstrated at SNS

– Transverse profiling using high-power free-

space laser and measurement of reduced 

beam current

• demonstrated at BNL

– No one has demonstrated transverse or 

longitudinal profiling using lower-power fiber 

lasers and reduced beam current technique

• Because it’s very difficult (LDRD)
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SNS Transverse Laser Profiling - Operational

Q-switched Nd:YAG laser
• 1 J 

• Danger to optical windows
• 10 ns pulses, 30 Hz
Laser Transport Issues
• Laser drift over long transport
• Developed active feed-back mirror system

• 5 mrad stability
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SNS MEBT Longitudinal Profiles - Demonstrated

• 2.5 MeV H-

• Scan psec laser 
through bunch in 
time

• Ti-Sapphire mode-
locked laser
– 2.5 ps

– 80.5 MHz

– Locked at 1/5 RF

– Problems with free-
space laser

• Moved to fiber 
laser based 
system
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Laser Profiling Options and Issues

1. High-power + electron 
collection

– Proven by SNS

– Laser transport difficult and 
expensive or

– Laser at each station expensive and 
radiation risk

– Risk of optical vacuum window 
damage

2. High-power + current reduction
– BNL has done this

– Eliminates electron collection 
hardware

• Requires excellent current 
measurements

– Laser transport difficult and 
expensive or

– Laser at each station expensive and 
radiation risk

– Risk of optical vacuum window 
damage

3. Low-power + electron 
collection

– SNS working on this  promising

– CERN (LINAC4) also working on 
this

– Eliminates laser transport problem

– Transverse + longitudinal

– Signal to noise?  fiber laser 
power

4. Low-power + current 
reduction

– No one has done this

– Eliminates laser transport problem

– Eliminates electron collection 
hardware

• Save space and money

• Requires excellent current 
measurements

– Transverse + longitudinal

– Signal-to-noise may be too 
small
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Proposed Prototype Laser Profile Station for P2IT

• Laser profiling still quasi-R&D

• Best (signal and cost) option for 
PIP-II not clear

– Fiber laser plus current-
reduction most desirable but 
also probably most difficult

• Develop “generic” laser profile 
station to test in/end of P2IT 
MEBT

– Transverse and longitudinal

– Free-space and fiber lasers

– Electron collection and current 
reduction

Options High-

Power

laser

Fiber Laser

Electron 

Collection **** ***
Current 

Reduction *** *
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Some Numbers for low-power option

• 1056 nm photon energy = 1.88e-19 J = 1.17 eV

• Elaser = 6.15 nJ per pulse (1 W @ 162.5 MHz)

• Nphot = 3.3e10 photons/pulse

• scs(1056 nm) ~ 3.6e-17 cm2

• Npart(5 mA @ 162.5 MHz) = 2e8 H- per bunch

Let s(bunch) = 3 mm and s(laser) = 0.1*s(bunch) = 0.3mm

Then:

N(H- ion) = scs/(2*p*slaser^2)*Nphot*Npartoverlap

N(H- ionization at center) ~ 4000 e-
 8e-5 reduction

N(H- at 1s) ~ 2500 e-
 5e-5 reduction

N(H- at 2s) ~ 400 e-
 8e-6 reduction

Note: Laser to bunch shape matching may reduce these by ~50%

So for 1 W laser we need ~8e-6 beam current modulation sensitivity 

for reduced current detection

Options: Can increase laser power and/or lower laser pulse rate
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Low-Power Transverse and Longitudinal Laser Wire

Mode-locked psec laser used to 
measure both transverse and 
longitudinal  profiles
• Laser rep-rate is locked to accelerator RF

• Distribute modulated laser pulses via fibers

• Narrow-band lock-in amp detects modulated 
signal 

• Measure profiles by either:

• Collection of electrons

• Use BPM as notched-beam pickup would allow 
laser monitor to fit between cryomodules

Questions:

• What is photo-dissociation at low laser power?

• What are the noise issues?

• What are the limits to power in the fiber?

• What signal-to-noise ratios and averaging times are 
practical?

– Accelerator and laser stability, RF noise, etc

• How short of a longitudinal pulse needs to be 
measured?

Fall-back laser wire option is to use high-power laser 
technique similar to SNS
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P2IT Research and Development Plan

• The design and development of a high rep-rate, picosecond, 

mode-locked fiber laser system and the understanding of 

laser amplification issues

• Understand and optimize the coupling and transport of laser 

light through optical fibers

• Design and construct the associated accelerator vacuum 

hardware for a system test at P2IT

• Design and develop the associated optics and synchronous 

detection electronics

• Installation of instrument at P2IT

• Experimental studies with beam at P2IT with the aim to meet 

the primary and secondary research goals
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CMTF Infrastructure – Laser Hut
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• Operation of Class 

IV laser requires 

safety measures

• Construction of an 

interlocked laser 

hut at PXIE
– Funds in T&M

• Design almost complete

• Sign-off by laser safety 

and FESS required

Laser
Hut

PXIE Cave



Laser Profiler Component Status
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• BPMs installed in P2IT MEBT

– Front-end FPGA operation

– Starting on FPGA lock-in detection

• Electron collector identified 

and ready to purchase

• Magnetic field design mostly 

complete

– Magnets in-hand

• Stand-alone lock-in amplifier 

in-hand

• Vacuum chamber design 

progressing

• Optical design starting

• Optical modulator in hand

• Laser specified and vendor 

quote received



Laser
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• Laser design completed 

and quote received

• $91,300

• Purchase on hold 

due to LDRD 

funding restrictions

• Laser purchase key to 

profiler development



Magnet Field Modeling 
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• Magnet design critical to overall design
• Work done on magnet design and particle 

tracking

B-field 
on axis

5 mA H-
2 mm rms

MWS Model



Electron Collection Particle Tracking
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All Particles

Electron tracking to collector
• What is collection efficiency?
• Can we see tails?

3-sigma cut 4-sigma cut



Electron Collection

• Hamamatsu MCP-based 

electron collector

• Large collection area

– 27 mm diameter

• Gain up to 1e6

• High bandwidth

• Floating HV operation

– Allows for suppression of low 

energy background electrons

– Allows for potential beam 

energy spread measurement 

(BNL)
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Vacuum Chamber Design

• Design underway

• Tight fit in MEBT

• Single plane measurement 

only – vertical profiles

– Looking to fit 2nd plane

• Looking for vacuum chamber 

construction in Q1 FY17 
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Summary

• P2IT prototype laser profile station

– Transverse and longitudinal profiling

– Both reduced current detection and electron collection

– Many components of station are coming together

– Laser purchase remains an issue

• PIP-II VS LDRD

– LDRD attempts difficult technique for laser profiling

– PIP-II needs a operational solution

– P2IT prototype laser profile station allows development on both 

fronts
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